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INTRODUC  TION. 
In the late winter of 1927 an outbreak of puerperal fever occurred 
in the Sloane Hospital in New York City, reaching such proportions 
that the hospital had to be temporarily closed.  In the course of 1 
month 24 of 163 parturient women developed puerperal fever and 8 
died, a  mortality of 33  per cent.  The epidemiological and clinical 
features of that  epidemic will  be  reported  elsewhere  (1,  2).  The 
purpose of this paper is to present the results of the biological and 
immunological study of 54  strains  of hemolytic streptococci which 
were found to be associated with the epidemic. 
This epidemic, like most others, was well under way before it was 
recognized as such.  Two patients died with symptoms of sepsis from 
whom no cultures were taken and on whom no autopsies were per-. 
formed.  The third fatal case, at autopsy, showed streptococci in the 
peritoneal exudate.  From the fourth,  hemolytic streptococci were 
obtained by culture from the peritoneum after death.  Thereafter it 
was recognized that an epidemic of hemolytic streptococcus puerperal 
fever was in full swing and cultures were made from the vagina~ and 
blood of all patients showing a post partum temperature above 101°F. 
Where death occurred cultures were also made at autopsy.  Outside 
help was cal!ed upon to investigate the epidemic and the bacteriolog- 
ical research laboratory of the Department of Surgery undertook the 
study.  There was some delay in organizing the work and it was not 
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until 18 days after the delivery of the first case of the series that a 
systematic bacteriological  survey of the hospital  was  begun  in  an 
effort to  discover  ff possible,  the  source  of  the  infection.  In  the 
meanwhile a  large group of nurses, one doctor and several patients 
had left the hospital, so that it was recognized that the survey could 
not be complete.  In this survey it was found that the only places 
where the hemolytic streptococci could be found with any degree of 
constancy were the vaginae of the patients and the noses and throats 
of some of the attending staff.  The laundry, air and various objects 
in the delivery rooms and wards, the solutions and supplies yielded 
no hemolytic streptococci in culture.  The noses and throats of the 
patients  were entirely negative during and for some time after the 
epidemic.  Altogether  54  strains  were  cultured,  chiefly  from the 
vagina,  peritoneum and blood of patients  and from the noses  and 
throats of staff members.  Two of these strains came from the vaginae 
of patients not showing clinical symptoms of puerperal fever.  These 
were picked up during the course of our routine examinations.  All of 
the strains were studied with the view to determine if possible the 
biologic identity of two or more of these strains. 
Krumwiede, Cooper and Provost, in their monograph on absorption 
of agglutinin  (3),  have  clearly shown  that  this  test  is  required  to 
establish close biological  similarity  of  bacterial  antigens.  Heterol- 
ogous organisms will frequently agglutinate in a  serum out of which 
they cannot completely absorb the agg!utinin.  The phenomenon of 
agglutination in such cases is supposed to be due to a group agglutinin. 
Heterologous strains which absorb all of the agglutinin out of a serum 
are much closer antigenically to  the homologous strain  than  those 
which only absorb out the group agglutinin.  In order to demonstrate 
that two organisms are exactly the same antigenically it is necessary 
to produce in animals an antiserum for each strain and then show that 
both organisms will not only agglutinate to the same degree in both 
sera but that they will both, in the same absorptive dose, completely 
absorb the agglutinin out of both sera.  In other words there must be 
complete reciprocal agglutination arm complete reciprocal absorption 
of agglutinin.  Such  a  relationship  brings  very strong  evidence in 
favor of the common origin of such strains, and probable sources of 
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ago, one of us, with Stevens was able to show that the last case in a 
series of hemolytic streptococcus wound infections was caused by an 
organism  which  was  antigenically  identical  with  a  strain  cultured 
from  the  unmasked  nose  of  the  instrument  nurse  assisting  at  that 
operation.  It was further shown that the infecting strain was anti- 
genically dissimilar to the strains cultured from the patient's own nose 
and  throat  and  other  strains  cultured  from  the  personnel  of  the 
operating room (4). 
It was thought that such a  study of the 54 strains from this  epi- 
demic of puerperal fever might indicate whether or not it was a  true 
epidemic coming from a single source and whether or not the organism 
was being carried by any of the attending staff. 
The sources of the 54 strains tested, were as follows: Four were cultured from 
patients' blood, twenty from patients' vagina,  four from metastatic loci, one from 
the surface  of a  patient's thigh,  one from the axillary  abscess of a  nurse  who 
pricked her finger with a pin while taking care of one of the fatal cases, one from 
the peritoneum  of a  nurse  who  developed  a  primary hemolytic streptococcus 
peritonitis  during the course of the epidemic,  fourteen from the throats of staff 
members, seven from the noses of staff members, one from a patient's throat and 
one from a patient's nose.  The two cultures from the patients' nose and throat 
were obtained in the course of the routine cultures  carried out for several months 
after the epidemic was over and were included because they were the only positive 
cultures from the noses or throats of the parturient women.  Two of the vaginal 
cultures  and one from the patient's thigh were from two patients who did not 
show the clinical signs of puerperal  fever.  Three other nose cultures  and eight 
other  throat  cultures  from  the  staff  on  repeated  transplantation  in  artificial 
media lost their hemolytic quality and were discarded. 
EXPERIMENTAL. 
Five strains  from five different puerperal  fever cases and one strain from the 
throat of one of the doctors who had been associated  with several of the cases, 
were first taken for animal inoculation.  Three of the patients' strains  had been 
cultured from the blood and two from the vagina.  The stock cultures were kept 
in cooked meat medium in which streptococci may survive for a year or more but 
they were transferred  at intervals  of 2 to 3 months.  Out of the stock cultures 
they were transplanted into fresh meat medium for 24 hours and then were grown 
in phosphate buffered broth for 24 hours further.  Rabbits were inoculated 3 days 
in succession every week with gradually increasing  doses of whole culture,  first 
heat killed and then living.  A number of animals  died of septicemia  after the 
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titre of 1-2560, the animal was killed and the serum obtained.  This generally 
required 2 months. 
Agglutination tests were carried out in the usual way.  The serum dilutions 
were made with phosphate broth and after the organisms were added, the dilu- 
tions ranged from 1-80 up to 1-2560.  Most of the strains were granular at first 
but after being transplanted daily for a  week or two in phosphate broth they 
became diffuse.  Sterile potato was added to the phosphate broth for the final 
growth before the agglutination test.  The tubes were incubated for 1 hour at 
56°C. and the readings made at the end of that time.  The reaction was almost 
always clear-cut and nothing seemed to be gained by keeping the test in the ice 
box overnight before reading, as advocated by some writers.  In our records the 
degrees of agglutination ranged from ±  to 4, while 0 denoted complete absence 
of agglutination. 
TABLE  I. 
Prelirainary Classification of 54 Strains in Main A gglutination Group. 
Source 
Patients' blood .................................... 
"  vagina ................................... 
"  metastatic loci ............................ 
"  thigh .................................... 
nose  ..................................... 
"  throat ................................... 
Staff, nose ........................................ 
"  throat ...................................... 
"  abscess  ..................................... 
"  peritoneum .................................. 
Tot sl 
4 
2£ 
4 
1 
1 
1 
7 
14 
1 
1 
Pq  ~iI 
2 
4 
4 
1 
0 
0 
3 
4 
1 
I 
ire  l~'egative 
2 
6 
0 
0 
1 
1 
4 
10 
0 
0 
The technique of  absorption of  aggluttutu was  similar to  that  used in our 
previous work (4)  except that greater accuracy of dosage was attempted.  The 
minimal absorptive dose had to be determined for each serum.  This varied from 
I00 to 150 billion organisms for I mil of a 1-20 dilution of serum.  After incubat- 
tug in large flasks,  the cultures were centrifuged and washed once in distilled 
water.  They were then suspended in a concentrated form in distilled water and 
counted by means of a  Gates turbidimeter (5).  Compared.with a known stand- 
ard,  the  number of  organisms per rail could be determined fairly accurately. 
Then twice the minimal absorptive dose of organisms was centrifuged and after 
pouring off the supernatant fluid, I rail of a 1-20 dilution of the serum to be tested 
was  added  and mixed with  the organism sediment.  The mixtures were  then 
heated at 56°C. for I  hour and shaken at quarter-hour intervals.  At the end of 
that time the mixtures were placed in the ice box for the night.  Next morning 
the serum was drawn off and tested for agglutination  with the homologous strain, 
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Results. 
A.  The  Results  of the Preliminary  Agglutination Tests.--(See Ta- 
ble I.)  These preliminary tests  seemed to]  indicate  clearly  that 
the  great  majority of the  strains  from  the  patients  fell  into  one 
agglutinative group.  The serum produced by  the  doctor's  throat 
strain did not agglutinate any of the patients' strains and the organ- 
ism  did not agglutinate in any of the other sera.  This  seemed to 
show that the doctor's strain was definitely outside of the main group. 
Six  of the  vaginal  strains  and  two  of the blood culture strains (J 
and T) also seemed to be outside of the group for they showed no agglu- 
tination in any of the sera.  One of these blood culture strains (J) had 
been used to produce one of the preliminary sera and this serum ran 
parallel with the other sera but failed to agglutinate the homologous 
strain.  These discrepencies will be discussed below.  When two or 
three strains came from the same patient they always reacted  in a simi- 
lar manner.  The strain from the axillary abscess  of one nurse and 
from the peritoneum of the other nurse fell into the main group, three 
strains from nurses' nose cultures and four from nurses' throat  cul- 
tures were also included in the main group.  These last seven strains 
came from six nurses, one fielding a positive culture in both nose and 
throat.  At  this  stage,  absorption  of  agglutinin  tests  might  have 
been  done  but  vacation  intervened and  during  that  time  it  was 
decided to produce fresh sera with a fair number of the strains which 
had been included in the preliminary agglutinative group. 
Fourteen cultures were then selected for producing this new series 
of sera--three from nasal cultures and three from throat cultures of 
the six nurses and eight strains from the puerperal fever cases.  The 
two blood culture Strains J  and T which failed to agglutinate in the 
preliminary test were used along with six which had fallen into the 
preliminary  agglutinating  group.  Sera  were  obtained  for  these 
fourteen strains by inoculating rabbits in  the same way as before. 
As these sera were obtained they were tested against all of the patients' 
strains and all of the other strains which had been included in the 
preliminary agglutinating group. 
B. Results of the Absorption of Agglutlnin Tests with the Final Group 
of Fourteen Sera.--When  three of the sera produced by the nurses' 
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TABLE  II. 
Agglutination  and Absorption of Agglutinin  Serum H, Produced by Nurse's Nose 
Strain H. 
Tested with Strain H and 7 Patients' Strains. 
Serum 
~/~]'O rn2a]  ................................ 
tc 
tc 
c~ 
~c 
Serum H  unabsorbed .................... 
tt  tc  ~ 
~4  tt  4c 
tt  t~  4~ 
~t  ~t  4c 
ct  c~  L~ 
cl  ~t  t~ 
Serum H  absorbed by Strain H ........... 
~t  tt  t~  ~  t~  R  ........... 
~t  tt  t4  ~¢  t~  tt 
tc  ~t  ~  tc  t~  L  ............ 
~c  t~  t~  t~  cg  tc  ........... 
¢¢  tc  c~  t4  ~C  E  ............ 
it  t~  4~  t~  ~c  .Mat.  .  ........ 
4c  tt  tt  t~  ~  t¢ 
~c  t~  tc  tc  ~t  .MC  .......... 
t|  t~  t~  tc  ~t  t~ 
tt  ct  ct  t~  ¢c  j  ........... 
re  t~  (t  t¢  ~t  ~t 
t,  .  ,,  "  "  T ............ 
cc  tc  t~  tc  tt  t~  ........... 
Serum  dilutions 
1  I  1  1  1  ! 
8"0  160  320  640  1280  2560 
0  0  0  0  0  0 
0  0  0  0  0  0 
0  0  0  0  0  0 
0  0  0  0  0  0 
0  0  0  0  0  0 
0  0  0  0  0  0 
0  0  0  0  0  0 
0  0  0  0  0  0 
4  4  4  4  4  3 
4  4  4  4  4  3 
4  4  4  4  3  3 
4  4  4  4  4  2 
4  4  4  4  3  2 
4  4  4  4  4  4 
0  0  0  0  0  0 
0  0  0  0  0  0 
0  0  0  0  0  0 
0  0  0  0  0  0 
0  0  0  0  0  0 
0  0  0  0  0  0 
0  0  0  0  0  0 
0  0  0  0  0  0 
0  0  0  0  0  0 
0  0  0  0  0  0 
0  0  0  0  0  0 
0  0  0  0  0  0 
0  0  0  0  0  0 
0  0  0  0  0  0 
0  0  0  0  0  0 
0  0  0  0  0  0 
0  0  0  0  0  0 MELENEY,  ZAYTZEFF,  HARVEY~ AND  ZAU"  305 
homologous agglutinin could not be  completely absorbed  by these 
other  strains.  On the other hand, when Serum H  produced by the 
strain from another nurse was similarly tested, it was found that all of 
the patients' strains which were in the preliminary agglutinative group 
completely absorbed the agglutinin, from this serum.  Likewise, when 
the sera produced by the patients'  strains were absorbed by the six 
different strains from the noses or throats of the six nurses, Strain H, 
from one nurse's  nose, was  the only one of the six which would com- 
pletely absorb the agglutinin from these sera.  Of the eight patients' 
strains used in the last series,  five,  namely R,  L,  E,  Ma  and  Mc, 
produced sera which, with Serum H  from the nurse's nose Strain H, 
gave complete cross agglutination and cross absorption of agglutinin 
tests.  The  absorption  tests  of  these  six  strains  with  the  serum 
produced by the nurse's strain is shown in Table II.  Similar results 
were obtained with the other five sera produced by the five patients' 
strains mentioned above.  Thus  the  criteria for the demonstration 
of the  antigenic identity of these six strains were established. 
The sera from the two blood culture Strains J  and T  persistently 
failed to agglutinate the homologous strains but did agglutinate fully 
the  six  identical strains.  Furthermore,  the  two  strains  J  and  T 
producing these sera completely absorbed the agglutinin out of the 
six  identical  sera.  This  will  be  discussed  below.  One  patient's 
strain produced a serum which agglutinated the other strains irregu- 
larly and this strain did not absorb the agglutinin from the six iden- 
tical sera.  The other two nurses' strains which were included in the 
preliminary  agglutinating  group  were  slow to produce  high  titred 
serum and when it was found that these failed to absorb the agglu- 
tinin from the six identical sera, they were discarded. 
When agglutination and absorption of agglutinin tests were done 
with the other strains which had fallen into the main agglutinative 
group in the preliminary tests but against which no immune sera had 
been  prepared,  it  was  found  that  sixteen more  strains  completely 
agglutinated in  Serum H  produced by the nurses'  nose  strain  and 
completely absorbed agglutinin in  the same absorptive dose as the 
homologous  strain.  These  are  shown in  Table  III.  Six  of  these 
strains had come from other foci in four of the patients whose original 
culture had already been demonstrated to be antigenically identical 306  HEMOLYTIC  STREPTOCOCCI 
with Strain H.  Nine of these  sixteen strains had come from eight 
other patients,  two of whom had positive  vaginal  cultures without 
clinical signs of puerperal fever.  One of the sixteen strains came from 
the axillary abscess of the nurse who had pricked her finger with a pin. 
TABLE  III. 
Final Classification of 54 Strains of Hemolytic SLreptococd. 
Antigenically identical 
Complete reciprocal 
agglutination  and agglutinin 
absorption  tests 
Strain  Source 
L1  Patient's blood 
Probably identical 
Complete absorption of agglutinin 
Strain  Source 
L2  Patient's vagina 
Not classifiable 
NO absorption of a~glutlnin 
,~ agglutination 
Strain  Source 
Wh  Patient's vagina 
Mcl 
Mal 
R 
E1 
H 
"  vagina 
~  cc 
Nurse's nose 
L3  "  peritoneum 
IVIc2  "  vagina 
Mc3  "  pleura 
Ma2  "  abscess 
E2  "  " 
J1  "  blood 
J2  "  vagina 
T1  "  blood 
T2  "  vagina 
D  "  " 
Ba  "  " 
Wo  "  " 
p  -  . 
BI  "  " 
O'M1  "  " 
O'M2  "  thigh 
M  Nurse's abscess 
Sm  "  peritoneum 
Ce 
Co 
Se 
Sc 
~t  ~c 
c¢  c~ 
And 22 other  strains 
from  nose  and 
throat  hospital 
staff 
Aside from the sixteen strains, which both by the agglutination and 
by the agglutinin absorptive tests demonstrated their close antigenic 
relationship with Strain H, five strains completely absorbed the agglu- 
tinin from Serum H, but persistently failed to agglutinate in it.  Two 
of these, Strains J and T, as stated above, came from the blood cul- 
tures of two of the fatal cases and two more came from  the vaginae 
of the  same two patients.  The fifth came from the peritoneum of MELENEY~ ZAYTZEFF~ HARVEY~ AND ZAU  307 
the nurse who developed hemolytic streptococcus peritonitis during 
the course of the epidemic.  In the preliminary tests this strain had 
agglutinated in the sera produced by the patients' strains. 
Five other patients'  strains failed either to agglutinate or to ab- 
sorb  agglutinin  although  one  of  these,  Strain  Wh,  in  the  pre- 
liminary tests had agglutinated in  all of the sera produced by the 
patients'  strains.  When  this  last  strain  was  again  tested  against 
these sera it failed both to agglutinate and to absorb agglutinin from 
them.  The results with this strain were irregular both for agglutina- 
tion and agglutinin absorption.  Likewise the serum produced by it 
gave  irregular  results.  It  may have  been  an  incidental strain  or 
have degenerated during the progress of the tests. 
DISCUSSION. 
It is of interest to note the sources from which the organisms were 
obtained.  Even for those strains which were demonstrated to have 
the closest antigenic relationships it is evident that  the organisms 
had no specific affinity for any particular organ or tissue and could 
reside for a time at least in the nasal passage as well as in the vaginal 
passage without producing clinical symptoms.  On the other hand it 
is  evident  that  the  organisms producing the  epidemic were  in  a 
state  of high virulence or invasiveness, for the mortality of those 
afflicted with the disease was high.  Likewise the onset of symptoms 
was rapid.  This was true in the case of the nurse who pricked her 
finger with a pin and in whom we probably know the exact time of 
the introduction of the organisms (20 hours between the prick of the 
finger  and  the  onset  of symptoms) as well  as  i,n  the case  of  the 
patients with puerperal fever and the nurse with peritonitis in whom 
we do not know the exact time of introduction.  In rabbits also the 
organisms proved to be highly invasive (although there would be no 
reason to expect a  parallel  susceptibility) for even after a month or 
more of vaccination, several animals developed septicemia and died 
following the first small injection of living organisms.  This fact would 
seem to argue against the rationale of specific vaccination during the 
acute stages or even the chronic stages of the disease itself, as advo- 
cated by some.  The normal animals could not build up protective 
substances  rapidly  against  these  organisms  following  intravenous 308  HEMOLYTIC  STREPTOCOCCI 
injection.  Whether or not they would have done so, had we injected 
the organisms by any other route,  we cannot tell. 
Considering first the results of the preliminary agglutination tests 
we  find  that  twenty-one  out  of  thirty-one  strains  cultured  from 
patients, were included in the main agglutinating group.  Our chief 
concern here is to explain the failures if that be possible.  Of the ten 
which failed to agglutinate, one came from the nose and one from the 
throat of two parturient women without post partum fever after the 
epidemic was over, being discovered by routine cultures of the nose 
and throat of all cases admitted for delivery.  While it is possible 
that these patients picked up these organisms after admission into the 
hospital,  it  is  more likely  that  they  brought  them in  when  they 
entered and they are evidently not related to the epidemic.  Four of 
the  ten  strains  came  from  the  vagina~  of  patients with  puerperal 
fever who were frankly considered to be included in the epidemic.  It 
is possible that these cases were caused by organisms different from 
the strains responsible for the epidemic and were simply coincident 
with but not a part of the epidemic.  On the other hand, in view of 
the changes which we know took place in the antigenic and agglutina- 
tive characteristics of some of the other strains it is probable that some 
of these at any rate, failed to agglutinate because they had undergone 
certain degenerative processes in the course of several months habita- 
tion in artificial media.  Krumwiede has brought out the fact that 
these changes do occur with other organisms and it has been observed 
by  others.  In  such  circumstances  it  is  readily  understood  that 
although positive results with agglutination and absorption of agglu- 
tinin tests are significant of similarity of antigenic properties, negative 
results do not necessarilyprove that similarity did not exist at the time 
of the first cultivation.  It would seem advisable to emphasize this 
point by repetition namely that positive results mean something but 
negative results mean nothing, for although strains once positive may 
become negative, strains originally negative and antigenically different 
if they change at  all,  have an infinitely small chance of becoming 
positive and antigenically identical with another strain. 
The other four strains of the ten failures which we are now con- 
sidering, came from two of the fatal cases (J and T) in the early pa.rt 
of the epidemic, two were vaginal cultures and two were blood cul- MELENEY,  ZAYTZEFF, HARVEY, AND  ZAU  309 
tures.  One  of these patients  (T)  was  especially cared for  by  the 
nurse who pricked her finger with a pin.  We have reason to believe 
that these strains originally were the same as the ones which we have 
definitely proved to be antigenically identical.  The following facts 
with  regard  to  the  behavior  of  these  strains  lend  weight  to  this 
belief.  One of these strains, namely J from a blood culture, was used 
to  produce one of the preliminary sera.  During  the course of in- 
oculation, the serum of the rabbit was tested from time to time and 
showed gradually increasing agglutinative titre for the homologous 
strain.  When it had attained the desired titre, mentioned above, the 
animal was killed by bleeding and the serum was taken and stored. 
About  a  month's  time  elapsed  before  this  serum  was  tested  for 
agglutination with all of the strains and then to our surprise the serum 
failed to agglutinate the homologous Strain J but ran parallel with the 
other sera produced by the other patients' strains in that it aggluti- 
nated the same strains.  Evidently something had happened to Strain 
J  in the meanwhile.  On  thinking back  it  was  recalled that  some 
difficulty had been encountered in recovering the organism out of the 
stock  culture.  It  had  evidently died off in  the supernatant fluid 
of the cooked meat medium and  could only be recovered by trans- 
planting some of the meat.  After this, it was noted that the organism 
was not as clearly hemolytic and  grew  more diffusely than before. 
The same thing occurred with several of the strains, notably all four 
of the strains we are now considering, also the strain  from the per- 
itoneum of one nurse  and  the  strain  from the  axillary  abscess  of 
the  other nurse  as  well  as  two  of the  four strains from non-fatal 
cases which, as mentioned above, failed to fall into the main group. 
Whether this feature of their cultivation,  namely their more rapid 
death in the meat medium than other strains, depended upon some 
slight variation in the media or in some inherent quality in the strain 
itself, cannot be determined but  the fact  that  both  the blood  and 
the vaginal cultures from two patients  should do the  same  thing, 
would suggest that the latter explanation is at least a possible one. 
It is  even possible  that  such  changes may have taken place while 
the organism multiplied within the patient.  This cannot be the sole 
factor however because Strain J  did agglutinate in  the homologous 
serum at first and the change came later. 310  HEMOLYTIC  STREPTOCOCCI 
Both of these blood  culture Strains J  and T,  as has been stated 
above, were included in the group of strains selected for the second 
series of agglutinative sera.  During the course of inoculation these 
strains  were tested  for agglutination  with  their  corresponding sera 
and persistently refused to  agglutinate.  After continuing the vac- 
cinations for more for 2 months, the sera were tested for agglutination 
with the six other strains which had by that time demonstrated their 
antigenic identity.  To our surprise, both of these sera fully aggluti- 
nated all of these six strains and when these two blood culture Strains 
J  and T  were used for absorption, it was found that they both com- 
pletely absorbed the agglutinin out of the sera produced by the other 
strains.  This is shown in Table II (q. v.).  We have, therefore, two 
strains which are antigenic in the sense that they can produce agglu- 
tinating serum.  They can also combine with the antibody in serum 
and carry it down during centrifuging but they persistently refuse to 
agglutinate.  They take part in the first stage of the agglutination 
process by uniting with the antigen but the second stage, which is 
the visible one of flocculation and sedimentation, does not take place. 
We can only be certain of the fact of their union with the antibody 
by testing the absorbed serum and finding that the agglutinin anti- 
body has been removed.  We have, then, two sera for blood culture 
Strain J, one produced while the organism was agglutinable and one 
produced after it had lost its agglutinability.  So far no differences 
in agglutinin action have been found in these two  sera.  The split 
in the two phases of agglutination as demonstrated by these results 
when  combined  with other facts,  may throw some light upon  the 
phenomenon as  a  whole and upon  the  antigenic characteristics of 
hemolytic streptococci. 
If we turn to Table  I  to  consider the results of the preliminary 
agglutination tests with the strains cultured from the staff, we find 
that  nine of these were included in  the main agglutinative group. 
Six  of  these  failed  to  absorb  the  agglutinin  completely from  any 
serum but their own.  One (Strain H) from the nose of a nurse was 
found, by the reciprocal agglutination and absorption of agglutination 
tests, to be antigenically identical with five of the patients'  strains. 
One (Strain MO) from the axillary abscess of the nurse who pricked 
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pletely absorbed agglutinin.  The last (Strain S) from the peritoneum 
of the nurse with  so called primary peritonitis  completely lost  its 
agglutinability in the later tests and yet completely absorbed agglu- 
tinin from the serum produced by Strain H,  one of the six  strains 
proved  antigenically identical.  No  serum was produced for  these 
last two strains so that we are not able to carry out reciprocal tests 
but the fact of their power to  completely absorb  agglutinin makes 
probable their antigenic identity with the other strains. 
When the tests had been completed the question obviously arose 
whether the nurse, whose nose culture yielded Strain H, which proved 
to be antigenically identical with five of the patients' strains, was or 
was not the one who brought the organism into the hospital.  It was 
found on  examining her record that  she  had  not  joined  the  staff 
until after the epidemic had started.  Whether or not she aided in its 
continuance cannot be stated.  The fact is demonstrated, however, 
that the organism could be carried in the nose of a staff member with- 
out producing clinical symptoms. 
Of the fourteen strains cultured from the staff which failed to fall 
into the preliminary group, certain ones may have originally been in 
the epidemic group and have lost their antigenic characteristics be- 
tween the time of the isolation and the tests.  The changes which we 
know took place in some of the other strains make it not at all un- 
likely that  this is  so.  The original carrier may have been in this 
group but this can never be determined. 
SLrM-~Ry. 
I.  A study has been made by means of agglutination and absorp- 
tion of agglutinin tests, of the antigenic relationships of 54 strains of 
hemolytic streptococci associated with an epidemic of puerperal fever 
in a large city obstetric hospital. 
2.  These organisms were cultured from the blood,  vaginae,  peri- 
toneal cavities and metastatic foci of patients, from the noses and 
throats of patients and staff members and from the peritoneum and 
axillary abscess of two of the nurses. 
3.  In preliminary agglutination tests twenty-one out of thirty-one 
cultures from  the  patients  and  nine  out  of  twenty-three cultures 
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4.  By reciprocal agglutination and absorption of agglutinin tests, 
six of these strains were demonstrated to be antigenically identical. 
Two of these came from patients' blood cultures, three from patients' 
vaginal cultures and one from the nasal culture of one of the nurses. 
This nurse was, however, not the original carrier for she did not join 
the hospital staff until after the epidemic began. 
5.  By agglutination and complete absorption of agglutinin, sixteen 
more strains showed their antigenic similarity to, if not identity with, 
these other six strains.  Four of these sixteen came from metastatic 
loci and two from the vaginae of four of the five patients which had 
yielded from another  source,  the  identical strains mentioned in  4. 
Nine came from eight other patients and one from the axillary abscess 
of  a  nurse.  No  reciprocal  tests  were  possible  with  these  sixteen 
strains because sera had not been prepared against them. 
6.  Five other  strains  which completely absorbed  agglutinin had 
evidently lost their ability to agglutinate.  Two of these strains were 
from the blood cultures and two from the vaginal cultures of two fatal 
cases.  One was from the peritoneal cavity of a nurse. 
7.  Two of these five strains when injected into rabbits in the usual 
way for the purpose of producing agglutinating antiserum, stimulated 
the production of sera which agglutinated completely the six anti- 
genically identical strains but failed to agglutinate the homologous 
strains used to produce the respective sera. 
8.  These two  strains  therefore  retained  the  antigenic properties 
first  of  stimulating the  agglutinating  antibody  in  normal  animals 
and second of uniting with the agglutinating antibody in the serum 
but lost the ability to bring about the second phase of agglutination 
-namely flocculation. 
9. We have demonstrated, therefore, amoreor less permanent split- 
ting of the phenomenon  of agglutination. 
CONCLUSIONS. 
1.  A  series  of  twenty-four cases  of puerperal  fever  occurring in 
the course of  1 month in a  certain obstetric hospital constituted a 
small epidemic apparently  caused  by  a  single  strain  of hemolytic 
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2.  An organism capable of producing puerperal fever may be carried 
in the nose of one of the hospital staff without causing clinical  symp- 
toms of disease. 
3.  Careful masking of both nose and mouth should be practiced by 
all those attendants who may come in contact with parturient women 
either just before, during  or just  after labor. 
4.  Strains of hemolytic streptococci may lose some of their antigenic 
and  agglutinative  characteristics  if kept  on  certain  artificial  media 
for a  period of some months. 
5.  They may retain their antigenic power both to stimulate agglu- 
tinin  and  combine with  agglutinin  and  at  the  same  time lose their 
ability to  agglutinate. 
6.  Biological studies employing the agglutination  or absorption of 
agglutinin  tests should be carried  out  as soon as possible after  the 
isolation of the organisms. 
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